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(57) ABSTRACT 

The present invention relates to methods for inhibiting 
malignant tumour groWth, invasion and/or metastasis in a 
patient, the method comprising suppressing the inhibitory 
activity of an inhibitor of a protease or of a non-proteolytic 
matrix-degrading enZyme (IPNME) in malignant tumour 
tissue or potential malignant tumour tissue. The suppression 
may be brought about by administering compounds inter 
acting With the IPNME, but also administration of com 
pounds interacting With transcription of genes encoding the 
IPNME is a possibility. The invention also relates to meth 
ods of selecting and identifying compounds in the therapeu 
tical methods, as Well of the use of such compounds in the 
treatment of malignancies. 
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SUPPRESSION OF INHIBITORS 

BRIEF DESCRIPTION OF THE INVENTION 

[0001] In order to invade and spread, cancer cells must 
degrade extracellular matrix proteins. This degradation is 
catalyZed by the concerted action of several enZymes includ 
ing proteases and non-proteolytic matrix-degrading 
enZymes e.g. metalloproteases such as interstitial collage 
nases, type IV collagenases and stromelysins, aspartic pro 
teases such as cathepsin D, other degradative enZymes such 
as heperanase, and serine proteases such as plasmin (1, 
73-76). Plasmin is formed from its precursor, plasminogen, 
by tWo activators, tissue-type plasminogen activator (tPA) 
Which is involved in thrombolysis, and urokinase-type plas 
minogen activator (uPA) Which plays a central role in tissue 
remodelling, including cancer invasion. The activation of 
plasminogen is regulated by tWo speci?c plasminogen acti 
vator inhibitors (PAI-l and PAI-2). Both uPA and PAI-l are 
present in various types of cancer tissue, and it Was recently 
found that high levels of uPA and PAI-l in breast cancer 
tissue each is associated With poor prognosis. 

[0002] Immunohistochemical and in situ hybridiZation 
studies have revealed that in breast and colon cancer tissue, 
PAI-l is expressed predominantly in stromal cells. 

[0003] According to the invention it is contemplated that 
the high PAI-l content found in malignant tumours from 
patients With poor prognosis as described in detail later is 
involved in promotion of tumour groWth, invasion and/or 
metastasis, most likely by protecting the stromal element of 
the tumour from degradation due to plasminogen activation 
formed in the microenvironment during invasion. This 
invention relates to the suppression of inhibitors of proteases 
and/or of other matrix-degrading enZymes, in particular to 
the suppression of plasminogen activator inhibitors such as 
PAI-l in cancer tissue resulting in inhibition of groWth 
and/or invasion and/or metastasis of tumour e. g. by alloWing 
autodegradation of the tumour tissue, impairment of cancer 
cell migration and/or impairment of tumour angiogenesis. 

GENERAL BACKGROUND 

[0004] Urokinase-type Plasminogen Activator 

[0005] The biochemistry of uPA has been revieWed pre 
viously It is a serine protease, Which is synthesiZed as an 
approximately 50 kD glycosylated single polypeptide chain 
pro-enZyme, pro-uPA, that is virtually catalytically inactive. 
The human uPA gene is located on chromosome 10 and is 
transcribed into a 2.5 kb long mRNA. Pro-uPA is converted 
into active uPA, consisting of tWo polypeptide chains (A and 
B) held together by a disulphide bond, the A-chain arising 
from the amino-terminal part of pro-uPA, and the B-chain 
arising from the carboxy-terminal part. The A-chain consists 
of tWo structural domains, a groWth factor domain With 
homology to EGF, and a kringle domain The B-chain is 
homologous to the catalytic part of other serine proteases, 
such as trypsin, chymotrypsin, and plasmin. TWo-chain uPA 
can, by the metalloproteinase matrilysin (or PUMP-1) (3), 
be converted into a 33 kD catalytic active form of uPA 
consisting of the B-chain and the carboxy-terminal part of 
the A-chain (loW molecular Weight uPA), and a 17 kD 
non-catalytic fragment consisting of the N-terminal part of 
the A-chain. 
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[0006] uPA cleaves a single peptide bond in plasminogen, 
converting it into plasmin, that degrades a broad spectrum of 
proteins, including ?bronectin, ?brin, and laminin (for a 
revieW see ref.(1)). In addition, plasmin activates latent 
forms of some metalloproteases (4) and affects various 
groWth factor systems, eg by activating latent TGF-[3 (5,6) 
and dissociating IGF-I from its binding protein (7) and 
bFGF from the surface of some cell types 

[0007] Many cytokines and hormones control the expres 
sion of uPA in a cell speci?c Way (see reference uPA is 
produced by many cultured cell types of neoplastic origin. It 
has been found that explants of tumour tissue released more 
uPA than the corresponding normal tissue. uPA has been 
identi?ed in extracts from human lung, colon, endometrial, 
breast, prostate and renal carcinomas, human melanomas, 
murine mammary tumours, the murine Lewis lung tumour, 
and in ascites from human peritoneal carcinomatosis. An 
immunohistochemical study of invasively groWing and 
metastasing LeWis lung carcinomas in mice consistently 
shoWed the presence of uPA, but also a pronounced hetero 
genecity in the content of uPA in different parts of the 
individual tumours. A high uPA content Was found in areas 
With invasive groWth and degradation of surrounding normal 
tissue, While other areas Were devoid of detectable uPA. The 
uPA Was located in the cytoplasm of the tumour cells and 
extracelluarly surrounding the tumour cells. 

[0008] Degradation of the surrounding normal tissue is a 
central feature of invasiveness of malignant tumours. The 
constant ?nding of uPA in malignant tumours and the 
?ndings indicating that uPA plays a role in tissue degrada 
tion in normal physiological events have led to the assump 
tion that uPA plays a similar role in cancer development. The 
hypothesis of uPA playing a role in tissue destruction 
involves the assumption that plasmin, together With other 
proteolytic enZymes, degrades the extracellular matrix. It is 
noteWorthy in this context that most components of the 
extracellular matrix can be degraded by plasmin. These 
include laminin, ?bronectin, proteoglycans, and possibly 
some types of collagen, but not all. In addition, plasmin can 
activate latent collagenases Which in turn can degrade the 
other types of collagen 

[0009] Many research groups have proposed that invasive 
tumour cells secrete matrix-degrading proteinases and that 
one of the crucial cascades is the plasminogen activation 
system. Regulation of the proteolysis can take place at many 
levels including tumour cell-host cell interactions and pro 
tease inhibitors produced by the host or by the tumour cells 
themselves. Expression of matrix-degrading enZymes is not 
tumour cell speci?c. The actively invading tumour cells may 
merely respond to different regulatory signals compared to 
their non-invasive counterparts (10). 
[0010] The assumption that the plasminogen activation 
system, through a breakdoWn of extracellular matrix pro 
teins, plays a role in invasiveness and destruction of normal 
tissue during groWth of malignant tumours is supported by 
a variety of ?ndings. These include a close correlation 
betWeen transformation of cells With oncogenic viruses and 
synthesis of uPA, the ?nding that uPA is involved in tissue 
destruction in many non-malignant conditions, and the 
immuno-histochemical localiZation of uPA in invading areas 
of tumours (see (1) for revieW). 
[0011] Further support for this hypothesis has come from 
studies With anti-catalytic antibodies to uPA in model sys 
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tems for invasion and metastasis. Such antibodies Were 
found to decrease metastasis to the lung from a human uPA 
producing tumour, HEp-3, transplanted onto the chorioal 
lantoic membrane of chicken embryos (11,12), penetration 
of amniotic membranes by B16 melanoma cells (13), base 
ment membrane invasion by several human and murine cell 
lines of neoplastic origin (14), and formation of lung 
metastasis after intravenous injection of B16 melanoma cells 
in mice (15). In some of these studies (13,14), a plasmin 
catalyZed activation of procollagenases appeared to be a 
crucial part of the effect of plasminogen activation. 

[0012] Urokinase-Type Plasminogen Activator Receptor 

[0013] Aspeci?c cell surface receptor for uPA (uPAR) Was 
?rst detected by a saturable binding of uPA to monocytes 
and monocyte-like cells (16) and has since been found on 
many types of cultured cancer cells (17). Human uPAR is a 
single polypeptide-chain, highly glycosylated protein With a 
molecular Weight of 55-60 kD (18). It is translated from a 
1.4 kb mRNA (19), encoded by a single gene located on 
chromosome 19. 

[0014] It consists of three homologous domains. The 
amino-terminal domain (domain 1) contains the ligand bind 
ing region (20), Which binds to the EGF-like domain in the 
uPA molecule (21). uPAR is carboxy-terminally anchored to 
the cell surface by a glycosyl-phosphatidylinositol moiety 
(22). A possible function of this lipid anchor is to facilitate 
movement of uPAR on the cell membrane. uPAR can be 
cleaved by uPA and plasmin, releasing domain 1 and leaving 
domains 2 and 3 on the cell surface (23). 

[0015] uPAR binds both active uPA and pro-uPA With a 
high af?nity (Kd10_9-10_11M), that depends on the cell type. 
Pro-uPA can be activated When it is receptor-bound, and 
receptor-bound uPA is catalytically active (17,24). Binding 
of pro-uPA to uPAR and concomitant cell surface binding of 
plasminogen strongly enhances plasmin generation (24,25) 
and the surface of uPAR expressing cells are preferential 
sites for plasminogen activation under physiological condi 
tions (26). 

[0016] The activation of receptor-bound pro-uPA is ef? 
ciently catalyZed by surface bound plasmin leading to a 
strong ampli?cation of the overall plasminogen activation 
reaction (24). Several other proteolytic enZymes, including 
plasma kallikrein (27) and cathepsin B (28) can activate 
pro-uPA. The physiological relevance of these latter 
enZymes in pro-uPA activation remains to be determined and 
it is still not knoWn hoW the uPA pathWay of plasminogen 
activation is initiated in vivo. 

[0017] uPAR synthesis is regulated by cytokines such as 
TGF-Bl, TGF-[32, EGF and by the tumour promoter phorbol 
myristate acetate. This regulation has in some cases been 
traced back to the transcriptional level, but also changes in 
the stability of uPAR mRNA play a role ((29,30) and L. 
Lund, personal communication). 
[0018] Type 1 and Type 2 Plasminogen Activator Inhibitor 

[0019] uPA activity is controlled by tWo speci?c plasmi 
nogen activator inhibitors, PAI-1 and PAI-2 (for a revieW see 
(31)). These molecules are products of different genes, 
located on chromosome 7 and 18, respectively. They are 
both glycoproteins With a molecular Weight of approxi 
mately 50 kD and both belong to the serine protease inhibi 
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tor (serpin) family. PAI-1 and PAI-2 differ in their relative 
ability to react With uPA and tPA and also in their immu 
nological reactivity. PAI-1 autoinactivates into a latent form 
but is protected from this inactivation by binding to vit 
ronectin (32). uPA and tPA are also inhibited by protease 
nexin 1, Which in contrast to PAI-1 and PAI-2, also inhibits 
other trypsin-like proteases such as plasmin and thrombin 
(33). The inhibitors bind to the catalytic B-chain of active 
uPA. They do not react With pro-uPA. PAI-1 inhibits recep 
tor-bound uPA nearly as ef?ciently as uPA in solution (24). 
Several cell types internaliZe and degrade complexes 
betWeen uPA and PAI-1 or PAI-2 (34). In some cases this 
internaliZation appears to be dependent on binding to the 
uPA receptor (35) and recent reports indicate that the ot-2 
macroglobulin receptor in some cell types also plays a role 
in internaliZation of uPA/PAI-l complexes (36). Expression 
of both PAI-1 and PAI-2 is regulated by a variety of 
cytokines, groWth factors and hormones (31). The regulation 
of the various components of the uPA system appears to be 
independent of each other (9,29-31). 

[0020] LocaliZation of the Urokinase Plasminogen Acti 
vation System in Cancer Tissue 

[0021] Studies of the occurrence and localiZation of the 
various components of the uPA system have shoWn that both 
uPA and uPAR are expressed at invasive foci in most 
experimental and human cancers that have so far been 
investigated. These studies have been performed both at the 
protein level by immunohistochemistry, and at the mRNA 
level by in situ hybridiZation. Because of the strong ampli 
?cation of the proteolytic activity that is characteristic for 
the plasminogen activation cascade, uPA and uPAR are of 
very loW abundancy in tissues. 

[0022] In the highly invasive murine LeWis lung carci 
noma, uPA protein (37) and mRNA (70) are consistently 
expressed by the cancer cells at invasive foci, and using a 
recently isolated cDNA for mouse uPAR (38) it has been 
found that also uPAR mRNA in this experimental carcinoma 
is expressed by the invading cancer cells (J .Eriksen, per 
sonal communication). PAI-1 protein is not found in the 
invasive areas of the LeWis lung carcinoma but is expressed 
by the cancer cells in non-invasive areas, suggesting that this 
inhibitor plays a role in protecting the tumour tissue against 
the proteolytic degradation (39). 

[0023] An interesting ?nding is that LeWis lung carcinoma 
cells When migrating into the surrounding normal tissue 
Without degrading it often express both uPA mRNA and 
PAI-1 mRNA (P. Kristensen, personal communication), sug 
gesting that uPA activity regulated by PAI-1 is involved in 
migration of cancer cells. A role of uPA and PAI-I in cell 
migration is also supported by a distinct localiZation of uPA 
found at cell-cell and focal cell substratum contacts in some 
cultured cell types. These cells also produce PAI-1 Which 
may serve to regulate uPA activity, enabling it to act in a 
directional breaking up of such contacts during cell move 
ment (72). An involvement of uPA and PAI-1 in cancer cell 
migration and metastasis is furthermore supported by the 
?nding that out of 5 melanoma cell lines those 2 Which 
produced both uPA, uPAR and PAI-1 Were the most ef?cient 
in an in vitro matrix-degradation assay and most frequently 
produced lung metastasis in nude mice in vivo (71). 

[0024] Of human cancers, colon adenocarcinomas have 
been most intensively studied for expression of components 
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of the plasminogen activation system. Both uPA and uPAR 
are consistently present at invasive foci, but uPAprotein (40) 
and mRNA (41) are not found in the cancer cells but in 
?broblast-like stromal cells located adjacent to the invading 
cancer cells. uPAR mRNA (41) and protein (C. Pyke, 
unpublished results) are located in cancer cells and in 
tumour in?ltrating macrophages. Therefore, in this type of 
cancer the malignant cells and the macrophages can pre 
sumably bind and utiliZe uPA released from the ?broblast 
like cells. PAI-1 mRNA is in colon adenocarcinomas 
expressed by endothelial cells in the tumour stroma (42), 
While there is no PAI-1 expression in the surrounding normal 
tissue, suggesting that PAI-1 also in this type of cancer plays 
a role in protecting the tumour tissue against degradation. 
Another possible role of PAI-1 is to participate in the process 
of tumour angiogenesis (77). 

[0025] In human squamous skin cancer both uPA and 
uPAR mRNA are expressed by the invading cancer cells 
(43,44). In ductal mammary carcinomas uPAR immunore 
activity is located in macrophages in?ltrating the invasive 
foci (45), While uPA mRNA is found in adjacent ?broblast 
like cells, and in some cases also in the cancer cells (43,46). 
PAI-1 has been detected by immunohistochemistry in endot 
helial cells, cancer cells and some non-malignant epithelial 
cells in breast cancer (47). 

[0026] These studies thus shoW that there is a consistent 
expression of uPA and uPAR at invasive foci and of PAI-1 
in non-invasive areas of malignant tumours as Well as in 
endothelial cells lining the tumour vessels, and that some of 
the components of the uPA system are expressed by the 
stromal cells during cancer invasion. 

[0027] A similar stromal cell expression has recently been 
found for several metalloproteases believed to be involved 
in cancer invasion (48-52) and a picture is noW emerging of 
the stromal cells often being actively involved in the inva 
sive process (for a recent revieW see (53)). 

[0028] Prognostic Signi?cance of uPA and PAI-1 in Breast 
Cancer 

[0029] The ?rst study Which related uPA content in breast 
cancer tissue to patient prognosis (54) measured uPA levels 
by assaying the enZyme activity present in the tumour 
extracts and demonstrated that high activity Was signi? 
cantly associated With shorter disease-free interval. Subse 
quent studies measuring the uPA content by ELISA shoWed 
that high levels of uPA immunoreactivity Was not only 
associated With shorter relapse-free survival but also 
strongly associated With short overall survival (55-58). 

[0030] Janicke et al., (56) thus found in a study of 115 
patients With a medium observation time of 12.5 months, 
that patients With high uPA levels had signi?cantly shorter 
disease-free survival, the relative risk being 21.1 (95% 
con?dence interval 2.6-174.6). This association Was signi? 
cant in both node-negative and node-positive patients. Simi 
larly, Duffy et al (55) found a signi?cant correlation betWeen 
survival and uPA-level in 166 breast cancer patients With a 
medium observation time of 34 months, the relative risk 
being 11.3 (95% con?dence interval 122-990). 

[0031] These tWo studies Were performed With detergent 
extracts of mammary cancer tissue. These extracts contain 
more uPA than those performed With detergent-free buffers, 
such as those used for routine preparation of cytosols for 
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steroid hormone receptors (59). By the use of a combination 
of one polyclonal antibody preparation and three mono 
clonal antibodies an ELISA Was constructed that readily 
detects uPA immunoreactivity in cytosols. Although the 
cytosols only contain about 12% of the optimally extractable 
uPA immunoreactivity, there is a close correlation betWeen 
the uPA in the cytosols and the maximally extractable 
amount (5 9). With this uPA ELISA a retrospective study Was 
performed on stored cytosols from 190 pre- and postmeno 
pausal high risk patients Who Were protocolled by the 
Danish Breast Cancer Cooperative Group and had a medium 
observation time of 8.5 years (58). High cytosolic uPA Was 
in this study signi?cantly associated With short overall 
survival in both pre- and postmenopausal patients, the 
relative risk being 2.0 (956 con?dence intervals 1.1-3.7) in 
the premenopausal Women. 

[0032] In a recent study by Foekens et al (60) uPA Was 
assessed in breast cancer cytosol from 671 Women. uPA Was 
found signi?cantly associated With relapse-free survival and 
death both in the group of node negative patients and in the 
group of node positive patients. 

[0033] Also high PAI-1 level in mammary cancer tissue, 
as determined by ELISA, appears to be associated With poor 
prognosis (57,58). Janicke et al. (57) thus found in a study 
of 113 patients With a medium observation time of 25 
months that patients With high PAI-1-level in their primary 
tumour had a signi?cantly shorter relapse-free survival than 
patients With loW PAI-1-level, the relative risk being 2.8 
(95% con?dence interval 098-83). In the Danish study of 
190 high risk breast cancer patients (58), high PAI-1 level in 
cytosolic extracts Was signi?cantly correlated to short over 
all survival and short relapse-free survival in both pre- and 
postmenopausal patients, the relative risk With respect to 
overall survival being 2.9 (95% con?dence interval 1.5-5.8) 
in postmenopausal Women. 

[0034] There is a positive correlation betWeen uPA and 
PAI-1 levels in breast cancer tissue (47,57,58) While the tWo 
parameters in the various studies are not, or only Weakly 
associated With, estrogen and progesterone receptor level. In 
multivariate analyses including established prognostic 
parameters, such as number of tumour positive lymph nodes, 
tumour siZe, and estrogen and progesterone receptor levels, 
levels of either uPA or PAI-1 are found to be independent 
and statistically signi?cant prognostic parameters in most 
patient groups studied (55,57,58). Determination of uPA 
and PAI-1 levels thus appears to add signi?cant prognostic 
information to that obtained by the established parameters. 
It should be noted that this information, at least regarding 
PAI-1 levels, can be obtained from cytosols routinely pre 
pared for steroid hormone receptor analysis. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] The fact that high PAI-1 level in the tumour tissue 
is correlated to poor prognosis in breast cancer and also in 
lung adenocarcinoma (see Example 1) suggests that PAI-1 
promotes tumour groWth, invasion and/or metastasis. As 
discussed above there are several mechanisms by Which 
PAI-1 may play such a promoting role such as protecting the 
tumour tissue against degradation by the uPA system, par 
ticipating in cancer cell migration, participating in tumour 
angiogenesis, or interfering With activation/inactivation of 
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growth factors. It is likely that some inhibitors of other 
extracellular proteolytic enZymes and other non-proteolytic 
matrix-degradating enzymes play a similar role in promoting 
tumour groWth, invasion and/or metastasis. 

[0036] Thus, the invention relates to a method of inhibit 
ing malignant tumour groWth, invasion and/or metastasis in 
a patient Who has been established to have a high risk of 
developing a malignant tumour or Who has developed a 
malignant tumour, the method comprising suppressing the 
inhibitory activity of an inhibitor of a protease or of a 
non-proteolytic matrix-degrading enZyme in malignant 
tumour tissue or potential malignant tumour tissue. 

[0037] By the method of the invention the inhibitory effect 
of the said inhibitor in the malignant tumour tissue or 
potential malignant tumour tissue is suppressed, inhibited or 
neutraliZed, thereby alloWing degradation of the malignant 
tumour tissue or the potential malignant tumour tissue. By 
the term “suppression” is meant that the inhibitory activity 
of an inhibitor of a protease or of a non-proteolytic matrix 
degrading enZyme is signi?cantly reduced ie by a degree of 
at least 256 but preferably reduced by a higher degree such 
as about 50%, 60%, 70% or even more such as 75%, 80%, 
90% or 95%. The degree of inhibition of the inhibitor in 
question by various compounds can be established by use of 
suitable inhibitory tests. In the present context, the term 
“compound” should be understood as in its broadest context 
as a substance composed of tWo or more elements, such that 
the atoms of the elements are ?rmly linked together and are 
present in de?nite proportions, the term thus including 
conventional chemical compounds as Well as eg antibodies. 
Examples of such tests Which may be used separately or 
successively are described in Examples 4, 5 and 6 using the 
inhibitor PAI-l as an example. Evidently it Will be Within the 
skill of the man skilled in the art based upon the teaching in 
the speci?cation to develop and use other similar tests for the 
purpose of screening compounds being capable of suppress 
ing the inhibitory activity of an inhibitor of a protease or of 
a non-proteolytic matrix-degrading enZyme. 

[0038] The above degree of suppression thus relate to in 
vitro tests, Whereas the suppression is to take place in 
malignant tumour tissue or potential malignant tumour tis 
sue. It Will thus be necessary to test the compounds Which 
have been found inhibitory in in vitro tests and/or in vivo 
animal test systems also in clinical trials in order to establish 
Whether a certain compound Will be suitable for use in the 
methods according to the invention, the planning and con 
duct of such clinical trials being Within the skill of the man 
skilled in the art. 

[0039] By the term “a patient Who has been established to 
have a high risk of developing a malignant tumour or Who 
has developed a malignant tumour” is meant a human being 
(or an animal) Who by use of any means of investigation or 
test knoWn Within the art of medicine and surgery has been 
established to have developed a malignant tumour. By the 
term “to have a high risk of developing a malignant tumour” 
is intended to include the situation in Which it is not 
de?nitively established that the human or animal has devel 
oped a malignant tumour but it is contemplated highly likely 
that he or she has in fact done so or Will do so in the near 
future, ie within the coming days, months or years. A such 
situation Will arise eg after surgery for a malignant tumour 
in Which situation is can not generally be excluded that 
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metastasis has already taken place as Well as in certain 
clinical situations in Which one or a number of clinical or 
laboratory tests indicate that the patient has developed a 
malignant tumour but the localiZation of the tumour is not 
established and also situations Where the patient has a 
high-risk-indicating score of a tumour marker such as a 

serum tumour marker or a gene or gene product Which 
indicates that the patient is at high risk of developing a 
malignant tumour. Examples of such tumour markers are 
Well-knoWn Within the art. 

[0040] The term “malignant tumour” or “malignant 
tumour tissue” is intended to designate the malignant tumour 
cells themselves, including micrometastases, as Well as the 
extracellular matrix and the stromal cells of the malignant 
tumour, e.g. endothelial cells, ?broblasts, macrophages, 
leucocytes etc. 

[0041] The term “potential malignant tumour tissue” is 
intended to designate tissue that has the potential to develop 
into a malignant tumour; as an example of potential malig 
nant tumour tissue can be mentioned carcinoma in situ. 

[0042] The term “matrix-degrading enZyme” as used 
herein, denotes an enZyme Which is capable of degrading 
components of the extra-cellular matrix, i.a. proteins. Impor 
tant matrix-degrading enZymes are proteases and an impor 
tant aspect of the invention is thus the above-mentioned 
method Wherein the protease inhibitory activity of a protease 
inhibitor is suppressed. HoWever, also non-proteolytic 
enZymes play a role in matrix-degradation, e.g enZymes 
degrading the extracellular proteoglycanes. 

[0043] According to the invention such suppression of the 
inhibitory activity of an inhibitor of a protease or of a 
non-proteolytic matrix-degrading enZyme in malignant 
tumour tissue or potential malignant tumour tissue alloWs 
the protease or the non-proteolytic matrix-degrading 
enZyme directly or indirectly to degrade the malignant 
tumour tissue or the potential malignant tumour tissue, 
and/or results in interference With the process of tumour 
angiogenesis, and/or results in interference With the migrat 
ing capacity of malignant tumour cells or of other cells in the 
tumour stroma and/or results in interference With the effect 
of groWth factors. 

[0044] By the term “migrating capacity” as used herein is 
meant the capability of tumour cells to invade non-malig 
nant tissue. Thus, the term relates to both the invasiveness of 
tumour cells as Well as their capability of forming 
metastases. An interference With the migrating capacity Will 
thus result in a reduction of invasiveness as Well as the 
capability of forming metastatic tissue. 

[0045] The patient may be treated solely by the method of 
the invention. In a number of cases, hoWever, the patient Will 
be subjected also to other forms of treatment, eg an 
operation at Which the malignant tumour tissue is removed. 
In such cases, the treatment according to the invention may 
be performed as a neoadjuvant treatment, as preoperative 
treatment, as adjuvant treatment or as any kind of combi 
nation of these treatments. Also combinations With cytotoxic 
drugs, endocrine therapy and irradiation represent possible 
treatment strategies. 

[0046] In certain circumstances it has not yet been estab 
lished that a person has developed a malignant tumour, but 
it is considered highly likely that he or she is in the process 
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of developing a malignant tumour or has developed a 
malignant tumour but the localization of the tumour has not 
yet been established. Within the scope of the present inven 
tion is also a method of treatment Wherein the patient is a 
patient Who has been established to have a high risk of 
developing a malignant tumour eg by having a high-risk 
indicating score of a tumour marker such as a serum tumour 

marker or by having a gene or gene product Which indicates 
that the patient is at high risk of developing a malignant 
tumour. 

[0047] For a number of malignant tumour types, eg 
mammary cancer, as described above, an increased concen 
tration of the inhibitor of the protease or the non-proteolytic 
matrix-degrading enZyme has been established to be a 
prognostic factor indicating a poor prognosis for the patient 
having the type of malignant tumour in question. The 
“increased concentration” can thus be above an established 
“normal value” for eg a plasma sample or tissue sample 
from a particular tissue, or for a certain tumour the concen 
tration can be high When the values of different tumours of 
the same type are compared (see as an example Example 1). 

[0048] Avery important embodiment of the present inven 
tion thus relates to a method of treatment according to the 
invention Wherein the patient is a patient Who has an 
increased concentration of the inhibitor of the protease or the 
non-proteolytic matrix-degrading enZyme in the tumour 
tissue and/or in plasma and/or serum. The increased con 
centration of the inhibitor of the protease or the non 
proteolytic matrix-degrading enZyme in the malignant 
tumour tissue and/or in plasma is established preoperatively 
or postoperatively or it might be established on the basis of 
a plasma sample (With or Without operation) or a sample 
from the malignant tumour, eg a biopsy. 

[0049] This embodiment is relevant Wherein the patient 
has a malignant tumour type for Which it has already been 
established that an increased concentration of the inhibitor 
of the protease or the non-proteolytic matrix-degrading 
enZyme in the malignant tumour tissue and/or in plasma is 
associated With a poor prognosis. For a number of malignant 
tumour types it is not yet knoWn if an increased concentra 
tion of the inhibitor of the protease or the non-proteolytic 
matrix-degrading enZyme is a prognostic factor indicating a 
poor prognosis for the type of malignant tumour in question. 
Within the scope of the present invention is also a method 
for establishing, for a malignant tumour type, the prognostic 
score of an increased concentration of malignant tumour 
tissue inhibitor of protease or non-proteolytic matrix-de 
grading enZyme and/or an increased concentration of plasma 
inhibitor of the protease or the non-proteolytic matrix 
degrading enZyme by using an assay speci?c for the inhibi 
tor of the protease or the non-proteolytic matrix-degrading 
enZyme. An example of the establishment of such a prog 
nostic score for a certain cancer type is given in Example 1 
With reference to lung cancer by use of an PAI-l ELISA. 

[0050] The present invention thus also relates to a method 
for establishing the predictive value for having bene?t from 
being treated With a compound Which suppresses the inhibi 
tory activity of an inhibitor of a protease or of a non 
proteolytic matrix-degrading enZyme in malignant tumour 
tissue or potential malignant tumour tissue in an individual 
patient, i.e. to predict the probability of a response of a 
treatment With the compound in an individual patient. 
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Examples of malignant tumour types for Which this has been 
established or Will be established are mammary carcinomas, 
urological carcinomas e.g. prostate carcinoma and bladder 
carcinoma, gynaecological carcinomas e.g. ovarian carci 
noma and cervical carcinoma, non-small cell lung tumours, 
gastrointestinal cancers e.g. colon adenocarcinoma and gas 
tric cancers, brain tumours, sarcomas, haematological 
malignancy e.g. lymphoma and skin cancers e.g. melanoma 
and squamous cell skin cancer. Also any other cancer type 
such as eg head and neck cancer for Which it is established 
that an increased concentration of the inhibitor of the 
protease or of the non-proteolytic matrix-degrading enZyme 
is a prognostic factor or has a predictive value are Within the 
scope of the invention. 

[0051] Within the scope of the invention is thus also a 
method of treatment according to the invention, Wherein the 
increased concentration of the inhibitor of the protease or the 
non-proteolytic matrix-degrading enZyme has been estab 
lished to be a predictive factor indicating ef?ciency of the 
treatment on the type of malignant tumour in question With 
the suppressor of the inhibitor of the protease or of the 
non-proteolytic matrix-degrading enZyme. An example of a 
predictive assay to identify patients Who potentially Will 
bene?t from such a treatment is described in Example 2 
using bronchogenic adenocarcinoma as an example. Similar 
experiments can be made for other tumour types. 

[0052] As can be seen from example 2, it is contemplated 
that the ef?cacy of the treatment of patients suffering from 
malignant neoplasia by a method of the invention compris 
ing inhibiting a protease inhibitor, can be evaluated a priori 
by determining the level of the protease inhibitor in the 
neo-plastic tissue or in other samples taken from the patients 
(plasma, serum, urine etc.). Thus, by determining the level 
of eg PAI-l in tumour tissue from a patient, it Will be 
possible to establish Whether there is any medical justi?ca 
tion for the initiation of PAI-l inhibition treatment in the 
patient. 
[0053] Therefore, the invention also relates to a method 
for predicting the therapeutical ef?cacy of a therapeutical 
method of the invention, the method comprising 

[0054] 1) determining the level of PAI-l in malignant 
or potentially malignant tissue or other samples (e.g. 
plasma, serum, urine etc.) from a subject Which 
potentially is to be subjected to a therapeutical 
method according the invention, and 

[0055] 2) establishing that the said therapeutical ef? 
cacy is high if the PAI-l level is beyond or equal to 
a predetermined threshold value, and that the said 
therapeutical ef?cacy is loW if the PAI-l level is 
beloW the pre-determined threshold value. 

[0056] It Will be understood, that this method of the 
invention for predicting therapeutic ef?cacy Will be appli 
cable also When the protease inhibitor is not PAI-l, as long 
as the determination of the inhibitor in the samples men 
tioned above is possible by the methods knoWn by the 
person skilled in the art (immunoassays such as RIA and 
ELISA, assays depending on the determination of the bio 
logical activity of the protease inhibitor etc.). Therefore, the 
above-mentioned method for predicting therapeutical ef? 
cacy also relates to the determination of the level of other 
protease inhibitors Which promote tumour groWth, migration 
and metastasis. 
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[0057] The method according to the invention provides a 
method, Wherein the malignant tumour tissue as de?ned 
above is degraded While substantially no other tissue than 
malignant tumour tissue is degraded to an eXtent or degree 
Which give unacceptable side effects. 

[0058] The inhibitor of the protease or of the non-pro 
teolytic matrix-degrading enZyme is secreted from the 
malignant tumour cells themselves, including microme 
tastases, and/or from the stromal components of the malig 
nant tumour, e.g. endothelial cells, ?broblasts, macrophages, 
leucocytes etc. 

[0059] In one embodiment of the invention the inhibitor of 
the protease or the non-proteolytic matriX-degrading 
enZyme is a serine protease inhibitor, in another embodiment 
of the invention the inhibitor of the protease or of the 
non-proteolytic matriX-degrading enZyme is an inhibitor of 
a metalloprotease such as TIMP-l or TIMP-2, in a third 
embodiment of the invention the inhibitor of the protease or 
of the non-proteolytic matriX-degrading enZyme is an inhibi 
tor of a cysteine protease (thiol protease), in a fourth 
embodiment of the invention the inhibitor of the protease or 
of the non-proteolytic matriX-degrading enZyme is an inhibi 
tor of an aspartic protease, in a ?fth embodiment the 
inhibitor of the protease or of the non-proteolytic matrix 
degrading enZyme is an inhibitor of any other protein 
degrading enZyme, in a siXth embodiment the inhibitor of 
the protease or of the non-proteolytic matrix-degrading 
enZyme is an inhibitor of a heperanase and in a seventh 
embodiment the inhibitor is an inhibitor of any other enZyme 
participating in degradation of the extracellular matrix. 

[0060] An important aspect of the invention relates to 
methods according to the invention Wherein the serine 
protease inhibitor is selected from the group consisting of 
plasminogen activator inhibitor type 1 (PAI-1), plasminogen 
activator inhibitor type 2 (PAI-2) and protease neXin 1. 

[0061] The invention relates to various methods Wherein 
the suppression of the inhibitory activity of the inhibitor of 
the protease or of the non-proteolytic matrix-degrading 
enZyme is obtained by administering to the patient a com 
pound Which suppresses the inhibitory activity of the inhibi 
tor of the protease or of the non-proteolytic matrix-degrad 
ing enZyme. In particular, the invention relates to various 
methods according to the invention Wherein the serine 
protease is PAI-1, such as a method, Wherein the activity of 
PAI-1 in the tumour tissue is inhibited by administering to 
the patient a compound Which suppresses the plasminogen 
activator-inhibitory activity of PAI-1. 

[0062] As can be seen from eXample 6, one such com 
pound has been identi?ed, namely the antibody PAI-1 clone 
2 (WO 87/00549). In narroW embodiments of the invention 
this antibody, active fragments thereof, and/or immunologi 
cal equivalents thereof is the compound administered to the 
patient. The invention also relates to the use of this antibody 
in the treatment of neoplastic malignancies. 

[0063] The antibodies can be used as Whole antibodies, 
fragments thereof (eg FV, (FV)2,Fab, Fab‘, F(ab)2), chi 
meric, humaniZed or human antibodies as long as they are 
binding PAI-1 in a suitable manner. Short-chain antibody 
fragments containing only the CDR regions or parts thereof 
conferring the speci?c binding to PAI-1 are also suitable, 
especially if the antibody is a labelled one. 
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[0064] The term “active fragment” in this conteXt denotes 
a binding fragment of the molecule, Which is also capable of 
eliciting the same biological effects on the target molecule as 
is the antibody itself, although in some instances at higher 
concentrations than the antibody. By the term “immunologi 
cal equivalent” is meant a substance exhibiting substantially 
the same binding speci?city as the antibody, and eXerting 
substantially the same effects on the target molecule as the 
antibody, although in some instances at higher concentra 
tions than the antibody proper. 

[0065] For prevention of an immune response, it is pre 
ferred to use antibodies/compounds Which resemble as 
closely as possible antibodies of human origin. Such anti 
bodies are, for eXample, chimeric or humaniZed (CDR 
grafted) antibodies. Such anti-bodies usually are manufac 
tured from a rodent monoclonal antibody (see eg for 
revieW: Morrison (1992), Annu. Rev. Immunol. 10, 239 
265; Winter and Milstein (1991), Nature 349, 293-299). In 
a speci?cally preferred embodiment of the invention, 
tumour speci?c human antibodies (Borrebaeck et al. (1988), 
Proc. Natl. Acad. Sci. USA 85, 3995-3999; Borrebaeck 
(1988), Immunol. Today 9, 355-359) are used for therapeutic 
purposes. In addition, it is speci?cally preferred to prepare 
human Mabs via phage display libraries, as is described, for 
eXample, by Griffith et al., EMBO J. 12 (1993) 725-734. 

[0066] Also the porcine antibodies disclosed in US. Pat. 
No. 4,132,768 have proven to be non-immunogenic or only 
very Weakly immunogenic in human beings. 

[0067] The compounds used for therapy in this invention 
may be administered parenterally, such as intravascularly, 
intraperitoneally, subcutaneously, intramuscularly, using 
forms knoWn in the pharmaceutical art. The active drug 
components of the present invention are used in liquid, 
poWdered or lyophiliZed form and may be combined With a 
suitable diluent or carrier, such as Water, a saline, aqueous 
deXtrose, aqueous buffer, and the like. Preservatives may 
also be added. 

[0068] Regardless of the route of administration selected, 
the compounds used in the present invention are formulated 
into pharmaceutically acceptable dosage forms by conven 
tional methods knoWn to those skilled in the art. The 
compounds may also be formulated using pharmacologi 
cally acceptable acid or base addition salts. Moreover, the 
compounds or their salts may be used in a suitable hydrated 
form. 

[0069] Regardless of the route of administration selected, 
a non-toxic but therapeutically effective quantity of one or 
more compounds used in this invention is employed in any 
treatment. The dosage regimen for treating is selected in 
accordance With a variety of factors including the type, age, 
Weight, seX and medical condition of the patient, type of 
tumour, the route of administration, and the particular com 
pound employed in the treatment. A physician of ordinary 
skill can readily determine and prescribe the effective 
amount of the drug required regarding knoWn antibody 
therapy approaches. In so proceeding, the physician could 
employ relatively loW doses at ?rst, and subsequently, 
increased dose until a maXimum response is obtained. 

[0070] The above-described method also comprises one, 
Wherein the compound is a compound Which suppresses the 
plasminogen activator-inhibitory activity of PAI-1 by inhib 
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iting the binding of PAI-l to vitronectin and a method, 
wherein the compound is a compound Which inhibits the 
binding of PAI-l to uPA, but does not inhibit the binding of 
uPA to uPAR. An example of a suitable compound is a 
compound Which is capable of binding to PAI-l but not 
capable of converting plasminogen into plasmin, eg a 
non-catalytic variant, derivative or analogue of uPA. 
Another example of a suitable compound is an antibody 
Which is capable of binding to PAI-l and thereby inhibiting 
the inactivation of uPA. A third example is a compound 
binding to the protease, e. g. uPA, preventing the effect of the 
inhibitor, but not inhibiting the protease. Such a compound 
may be an antibody against the protease. In still another 
embodiment of the invention the compound Which is 
capable of binding to a protease inhibitor, may have a 
cytotoxic agent coupled to the compound. 

[0071] Apart from a method of the invention, Wherein a 
compound is administered and directly inhibits the effects 
exerted by the inhibitor, another scheme is possible. As 
disclosed in WO 91/01379 it is possible to transscriptionally 
modulate the expression of homologous genes by contacting 
cells expressing the gene. WO 91/01379 is incorporated 
herein by reference. 

[0072] By employing this technique, the expression of eg 
PAI-l could be impaired by i.a. targeting molecules to the 
DNA fragment encoding PAI-l and thereby inhibiting the 
expression of PAI-l. The malignancy of a tumour might not 
in itself be due to the tumour cells producing uPA or PAI-l. 
Other cells present in the tumour may supply the malignant 
cells With uPA or PAI-l Whereby the tumour is protected 
from autodegradation. 

[0073] Another important embodiment of the invention 
therefore comprises a method Wherein malignant cells of the 
malignant tumour produce uPA, the PAI-l being produced 
by other cells in the malignant tumour or, conversely, a 
method, Wherein malignant cells of the malignant tumour 
produce PAI-l, the uPA being supplied by other cells in the 
malignant tumour. Finally, also a part of the invention is a 
method, Wherein malignant cells of the malignant tumour 
produce neither uPA nor PAI-l, the uPA and the PAI-l being 
supplied by other cells in the malignant tumour. 

[0074] In a recent in situ hybridiZation study PAI-l mRNA 
Was found to be located in endothelial cells in the tumour 
stroma of invasive ductal breast carcinomas (C. Pyke, 
unpublished results). Subsequent immunohistochemistry 
con?rmed the localiZation of PAI-l to the tumour vessels (C. 
Pyke, unpublished results). 
[0075] The association betWeen high PAI-l level and poor 
prognosis in breast cancer may be related to the above 
described ?ndings of PAI-l mRNA being expressed by cells 
in the tumour stroma and not by cells in the surrounding 
normal tissue, suggesting a function of PAI-l in protecting 
the tumour tissue against the proteolytic degradation Which 
the tumour imposes upon the surrounding normal tissue. 
Thus, inhibition of PAI-l may lead to degradation of the 
tumour stroma including tumour vessels and thereby inhi 
bition of tumour progression. 

[0076] In Example 3 is described in situ hybridiZation for 
PAI-l mRNA and immunostaining of PAI-l protein in 
human lung cancer. For other cancer types for Which it is 
established that an increased concentration of PAI-l is a 
prognostic factor, similar experiments may be performed. 
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[0077] In order to neutraliZe inhibitors of the protease or 
the non-proteolytic matrix-degrading enZyme in the tumour 
tissue it Would be desirable to apply a local therapy, thereby 
reducing potential side effects on normal tissue. 

[0078] One aspect of the invention is thus to suppress the 
activity of the inhibitor of the protease or of the non 
proteolytic matrix-degrading enZyme by administering, 
locally or systemically, to the patient, stromal cells Which 
have been transformed With a genetic construct expressing a 
gene product suppressing the inhibitor of the protease or of 
the non-proteolytic matrix-degrading enZyme. One possibil 
ity Would be to use genetically engineered tumour in?ltrat 
ing ?broblasts (PCT/DK92/00306), published as WO 
93/08301. 

[0079] In an important embodiment of the invention the 
stromal cells are capable of ?nding and in?ltrating a malig 
nant tumour of a mammal genotype, in particular human 
genotype, in an immunode?cient non-human recipient ver 
tebrate into Which malignant tumour cells of the said mam 
mal genotype have been introduced, the stromal cells con 
taining 

[0080] 1) a gene Which, When it is expressed in the 
immunode?cient recipient vertebrate by stromal 
cells Which are capable of ?nding and coloniZing, in 
the recipient vertebrate, colonies of malignant 
tumour cells of the said mammal genotype, is 
capable of controlling the progression of the malig 
nant tumour cells of the said mammal, and 

0081 2 a romoter securin ex ression of the ene P g P g 
product When the stromal cells have been transferred 
to the said mammal. 

[0082] The invention also relates to methods, Wherein the 
stromal cells are tumour-in?ltrating stromal cells Which are 
capable of ?nding malignant tumour cells in the patient, and 
it is preferred that the stromal cells are of a tissue type Which 
is compatible With the tissue of the patient. An especially 
preferred method of the invention is a method Wherein the 
stromal cells are stromal cells from the patient himself. 

[0083] An important embodiment of the invention relates 
to a screening method for selecting compounds Which are 
suitable for suppressing the inhibitory activity of an inhibitor 
of a certain protease or non-proteolytic matrix-degrading 
enZyme e.g. PAI-l against uPA, 

[0084] the method comprising one or more of the folloW 
ing steps: 

[0085] 1) A screening assay in Which the possible 
suppression of the inhibitory activity of an inhibitor 
of a protease or of a non-proteolytic matrix-degrad 
ing enZyme is determined by adding the compound 
to a system comprising immobiliZed inhibitor of the 
protease or of the non-proteolytic matrix-degrading 
enZyme and solubiliZed protease or non-proteolytic 
matrix-degrading enZyme, the protease or the non 
proteolytic matrix-degrading enZyme bound to the 
inhibitor of the protease or of the non-proteolytic 
matrix-degrading enZyme being detected by the 
enZyme being labelled or by means of a labelled 
antibody directed to the protease or the non-pro 
teolytic matrix-degrading enZyme, or adding the 
compound to a system comprising immobiliZed pro 
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tease or non-proteolytic matrix-degrading enzyme 
and solubilized inhibitor of the protease or of the 
non-proteolytic matrix-degrading enzyme, inhibitor 
of the protease or of the non-proteolytic matrix 
degrading enzyme bound to the protease or the 
non-proteolytic matrix-degrading enzyme being 
detected by the inhibitor being labelled or by means 
of a labelled antibody directed to the inhibitor of the 
protease or of the non-proteolytic matrix-degrading 
enzyme. 

[0086] 2) An assay in Which the possible suppression 
of the inhibitory activity of the inhibitor of the 
protease or of the non-proteolytic matrix-degrading 
enzyme in the tumour tissue is determined by adding 
the compound to a system comprising radiolabelled 
inhibitor of the protease or of the non-proteolytic 
matrix-degrading enzyme and tumour cells express 
ing the protease or the non-proteolytic matrix-de 
grading enzyme and detecting any inhibitor of the 
protease or of the non-proteolytic matrix-degrading 
enzyme binding to the protease or the non-pro 
teolytic matrix-degrading enzyme by gamma count 
ing of the cells. 

[0087] 3) A screening assay, in Which the potential 
suppression of the inhibitory activity of an inhibitor 
of a protease or of a non-proteolytic matrix-degrad 
ing enzyme by the compound is determined by using 
Whole cells to Which the protease or the non-pro 
teolytic matrix-degrading enzyme is bound on the 
surface, eg by a protease receptor, such as uPA to 
the uPA receptor. 

[0088] The assay is based on the principle described for 
determining the inhibition of receptor bound uPA by plas 
minogen activator inhibitors (61). This assay is based on the 
inhibition of plasmin generation using the plasmin-speci?c 
?uorogenic substrate H-D-Val-Leu-Lys-7-amido-4-methyl 
coumarin (Bachem). The inhibitory effect of the test com 
pound against PAI-1 is then determined by comparison of 
the plasmin generation curves obtained With the various 
concentrations of the compound With plasmin generation 
curves made With varying concentrations of PAI-1. etc. as 
Well as in the uses according to the invention. Such com 
pound can also be used for the preparation of pharmaceutical 
compositions as discussed beloW. 

[0089] Alternatively, in order to generate inhibitors of 
PAI-1, activity af?nity screening of large, highly diverse 
libraries of peptides expressed on the surface of ?lamentous 
bacteriophage particles can also be performed. This recently 
developed poWerful technique (81-84) is based on the ability 
of ?lamentous phages to display foreign peptides on their 
outer surfaces and involves the speci?c screening and af?n 
ity puri?cation of bacteriophages displaying peptides that 
are ligands for a particular protein (85). Filamentous bacte 
riophage libraries have successfully been used to identify 
peptides binding to diverse molecules such as streptavidin 
(86), HLA class II protein (87), and even a lectin (88). 

[0090] The phage display vector systems pComb3 (89) 
and pComb8 (90), originally developed for the expression of 
Fab fragments, but also successfully used for expression of 
PAI-1 (91) as Well as for a (XZMR/LRP random fragment 
library (92), results in monovalent display and multivalent 
display, respectively. Hence, construction of peptide librar 
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ies in both of the phage display vectors pComb3 and 
pComb8 Will alloW for isolation of bacteriophages contain 
ing peptides of high- and loW af?nity binding of PAI-1, 
respectively. 

[0091] 
[0092] Immobilization of PAI-1 in Costar microtiter Wells. 
Incubation (“panning”) With above mentioned phage librar 
ies. After Washing bound phages are eluted using glycine 
HCl (pH 2.2) and neutralized. Eluted phages are then 
reampli?ed. The panning, Washing, elution and ampli?ca 
tion protocol is repeated 3 times in total. DNA from phages 
isolated after the ?nal round of panning are isolated and 
DNA “peptide-inserts” of the corresponding phages are 
sequenced according to standard DNA sequencing proce 
dures. Synthetic peptides can then be produced and tested 
for their ability to inhibit the PAI-1/uPA interaction in an in 
vitro assay (see later). Peptide consensus motives identi?ed 
as inhibitors of PAI-1 function Will be extended on each side 
for construction of neW phage display peptide libraries and 
the Whole outlined procedure Will be repeated for isolation 
of neW peptides With higher binding af?nities for PAI-1 (93). 

In short, the folloWing steps can be used: 

[0093] The tumour cells included in the above mentioned 
assay can either be uPA producing but not PAI-1 producing, 
the PAI-1 being supplied by mouse cells or by human cells 
With Which the mouse is inoculated; PAI-1 producing 
tumour cells, the uPA being supplied by mouse cells or by 
human cells With Which the mouse is inoculated; tumour 
cells producing both the uPA and the PAI-1 or the tumour 
cells producing neither uPA nor PAI-1, uPA and PAI-1 being 
supplied by mouse cells or other inoculated human cells. 

[0094] An important embodiment of the invention relates 
to a compound Which is a suppressor of an inhibitor of a 
protease or of a non-proteolytic matrix-degrading enzyme in 
malignant tumour tissue or potential malignant tumour tis 
sue for use as a medicament, i.e. for use for inhibiting 
malignant tumour groWth, invasion and/or metastasis in a 
patient Who has been established to have a high risk of 
developing a malignant tumour or Who has developed a 
malignant tumour, such as a compound, Which alloWs the 
protease or the non-proteolytic matrix-degrading enzyme 
directly or indirectly to degrade the malignant tumour tissue 
or the potential malignant tumour tissue by the suppression 
of the inhibitory activity of an inhibitor of a protease or of 
a non-proteolytic matrix-degrading enzyme in malignant 
tumour tissue or potential malignant tumour tissue. 

[0095] 
Which 

In particular, the invention relates to a compound 

[0096] 1) suppresses the inhibitory activity of an 
inhibitor of a protease or of a non-proteolytic matrix 
degrading enzyme as determined by adding the com 
pound to a system comprising immobilized inhibitor 
of the protease or of the non-proteolytic matrix 
degrading enzyme and solubilized protease or non 
proteolytic matrix-degrading enzyme, the protease 
or the non-proteolytic matrix-degrading enzyme 
bound to the inhibitor of the protease or of the 
non-proteolytic matrix-degrading enzyme being 
detected by the enzyme being labelled or by means 
of a labelled antibody directed to the protease or the 
non-proteolytic matrix-degrading enzyme, or by 
adding the compound to a system comprising immo 
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bilized protease or non-proteolytic matrix-degrading 
enzyme and solubilized inhibitor of the protease or 
of the non-proteolytic matrix-degrading enzyme, 
inhibitor of the protease or of the non-proteolytic 
matrix-degrading enzyme bound to the protease or 
the non-proteolytic matrix-degrading enzyme being 
detected by the inhibitor being labelled or by means 
of a labelled antibody directed to the inhibitor of the 
protease or of the non-proteolytic matrix-degrading 
enzyme, and/or 

[0097] 2) suppresses the inhibitory activity of the 
inhibitor of the protease or of the non-proteolytic 
matrix-degrading enzyme in the tumour tissue as 
determined by adding the compound to a system 
comprising radiolabelled inhibitor of the protease or 
of the non-proteolytic matrix-degrading enzyme and 
tumour cells expressing the protease or the non 
proteolytic matrix-degrading enzyme and detecting 
any inhibitor of the protease or of the non-proteolytic 
matrix-degrading enzyme binding to the protease or 
the non-proteolytic matrix-degrading enzyme by 
gamma counting of the cells, and/or 

[0098] 3) suppresses the inhibitory activity of an 
inhibitor of a protease or of a non-proteolytic matrix 
degrading enzyme as determined by using Whole 
cells to Which the protease or the non-proteolytic 
matrix-degrading enzyme is bound on the surface, 
eg by a protease receptor, such as uPA to the uPA 
receptor, and/or other state (B) being Where the 
substance, bound to the site of PAI-1, is surrounded 
by solvent, 

[0099] assessing the average energy difference, 
<AVi_SVdW>, de?ned as <Vi_SVdW>B->Vi_SVdW>A, 
betWeen the contribution from non-polar interactions 
to the potential energy betWeen the substance 
(denoted i) and its surroundings (denoted s) in tWo 
states, one state (A) being Where the substance is 
surrounded by solvent, the other state (B) being 
Where the substance, bound to the site of the recep 
tor, is surrounded by solvent, 

[0100] and calculating the absolute binding free 
energy as an adjusted combination of the tWo above 
mentioned average energy differences. 

[0101] For more details relating to the aspects of calcu 
lating binding free energy by this method, cf. (80). 

[0102] It Will be understood that the compounds identi?ed 
and provided by the above-indicated methods all are inter 
esting ingredients in the therapeutical methods of the inven 
tion, and that their use in such treatment also is a part of the 
invention. 

EXAMPLES 

Example 1 

[0103] Prognostic value of PAI-1 in bronchiogenic adeno 
carcinomas. 

[0104] In non small cell lung cancer the stage of disease, 
including tumour size and lymph node involvement, Within 
the speci?c stages, have been reported to be among the 
strongest prognostic factors (62,63). Even though patients 
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With bronchogenic adenocarcinoma are surgical radically 
resected (stage I and II), the 5 year survival is poor, With the 
5 year survival being 40% in stage I and 10% in stage II (64). 
Thus a means to characterize and de?ne patients With 
bronchogenic adenocarcinoma and poor prognosis is 
needed, to select sub-groups of radically resected patients 
for adjuvant chemotherapy. To our knoWledge there is no 
such prognostic marker used in clinical practice today. 

[0105] We have retrospectively studied the prognostic 
signi?cance of uPA and PAI-1 levels as determined by 
ELISA in tumour extracts from patients With bronchogenic 
adenocarcinoma. The study includes 106 patients, all having 
had surgery With 81% intended radically resected. 

[0106] This example describes an assay for the determi 
nation of PAI-1 in tumour extracts of bronchiogenic adeno 
carcinomas. 

[0107] Material and Methods 

[0108] Patients and tumour extracts. 

[0109] Tissue from patients With bronchogenic adenocar 
cinoma Was stored at —80° C. Tumour extracts Were made by 
a procedure including pre-cooling the tissue in liquid nitro 
gen, mechanical pulverization, extraction With a buffer con 
sisting of 75 mM potassium acetate, 0.3 M NaCl, 0.1 M 
L-arginine, 10 mM EDTA and 0.25% Triton X-100 pH 4.2, 
folloWed by centrifugation at 105.000 g for 1 hour. The 
supernatant and pellet Were stored separately at —80° C. 

[0110] The patients from Whom the tumour tissue Were 
obtained all had surgery at the Department of Thoracic 
Surgery, Bispebjerg Hospital. Patients had stage I to IIIb 
(NeW International Staging), 81% had been radically 
resected (macroscopic tumour free and histopathological 
tumour free resection edge) While the rest Was found inop 
erable at time of thoracotomy. The pathological diagnosis, 
using the WHO classi?cation, Was in all cases performed by 
the same experienced pulmonary pathologist. Patients Were 
folloWed regularly in the out-patient department until one 
year after resection, and if still found relapse-free no further 
control Was planned. The median observation time Was 15.6 
months (range 0-73.5 months). Survival data Were obtained 
from the central danish registry of death. 

[0111] The tumour extracts Were obtained from 106 lung 
cancer patients. PAI-1 analyses Were performed on the 
extracts from all the patients. 70% of the patients (69 of 
106), had disease stage I (T1N0 and T2N0). Histopathologi 
cal tumour size, number of tumour-positive mediastinal 
lymph nodes, pathological diagnosis, radicality of surgery, 
age and overall survival Were available for all patients. 

[0112] PAI-l ELISA. 

[0113] PAI-1 Was determined using a sandWich ELISA 
(18) With monoclonal catching and detecting antibodies. As 
catching antibody Was used PAI-1 monoclonal antibody 
clone 1 and as detecting antibody Was used PAI-1 mono 
clonal antibody clone 7 (PCT/DK86/00080, published as 
WO 87/00549). This assay detects both latent and active 
PAI-1, and is in addition recognizing PAI-1 bound to uPA 
and tPA (unpublished results, J. Grgzindahl-Hansen). PAI-1 
Was measured in interim units by calibration With standard 
preparations obtained from The National Institute for Bio 
logical Standards and Control, Hertfordshire, UK. The intra 
and intervariations for both assays Were beloW 11%. 



US 2001/0034327 A1 

[0114] Protein content of the tumour extracts Was deter 

mined by Bio-Rad Protein Assay (Biorad, Richmond, 
Calif). 
[0115] Statistical methods. 

[0116] For data base management and descriptive statis 
tics, the SPSS program (Inc. SPSS, Version 4.01, 1988) Was 
used. Life table analyses of overall survival Was calculated 
by the product limit method (Kaplan-Meier) and the test of 
trends (Tarrone) Was used to determine equality over strata 
for all patients (3 groups). Log rank test Was used for patient 
stage I (2 groups). The Cox proportional haZards model Was 
used for multivariate analysis of overall survival (65), using 
BMDP program. 

[0117] Results 

[0118] Characteristics of patients. 

[0119] PAI-l Was measured in the supernatants of the 
tumour extract of bronchogenic adenocarcinomas from sur 
gical resected patients. Table 1 shoWs the characteristics of 
the patients. The patients from Whom tissue Was obtained 
Were selected for surgery intended to be radical, resulting in 
the majority of patients in the present material having 
disease stage I and II (stage according to NeW International 
Staging Classi?cation). 81% of the patients Were radically 
resected, and no patients Were found to have distant 
metastases. 

TABLE 1 

Characterization: 106 patients With bronchiogenic adenocarcinoma 

No. of patients 
Variable N = 106 

Age <65 years 53 
>65 years 53 

Sex Males 54 
Females 52 

Tumour T1 23 
T2 68 
T3 10 
T4 5 

Positive lymph nodes N0 78 
N1 10 
N2 18 

Stage I 69 
II 8 
IIIa 23 
IIIb 6 

Surgery Radical 86 
Not radical 20 

[0120] Distribution of PAI-1 levels. 

[0121] FIG. 1 shoWs the distribution of PAI-1 in the 
tumour extracts. The distribution is skeWed toWard the loWer 
values. The median value of PAI-1 Was 0.86 interim units/ 

mg protein (range 000-1053). The cut-off levels of the 
loWer and upper quartiles of the distribution of the PAI-1 
concentrations Were identi?ed to classify patients into 
groups With loW, medium and high concentrations of PAI-1. 
Within PAI-1 these levels Were 0.40 InterimU/mg protein 
and 2.20 InterimU/mg protein. 

Oct. 25, 2001 

[0122] In order to study the signi?cance of PAI-l in 
patients With local disease, the group of patients With stage 
I Was investigated separately. In this group the median value 

of PAH Was used to separate the patients in groups With loW 

and high concentrations; this value Was 0.775 InterimU/mg 

protein (range 0.00-6.99). 

[0123] Prognostic signi?cance of PAI-1. 

[0124] In the 106 patients the overall survival Was com 
pared for patients With loW, medium and high levels of 
PAI-1. As seen in FIG. 2, overall survival Was signi?cantly 

better for patients With loW PAI-1 concentration, than for 
patients With medium or high concentration (P=0017, 
Tarone test of trends). The prognostic signi?cance of PAI-1 
Was studied by univariate analysis. PAI-1 Was found to have 

an impact on death haZard With a relative risk of 1.6 for loW 

versus medium and 2.4 for loW versus high (95% con?dence 
interval 1.1-2.3 and 1.7-3.5, respectively). 

[0125] Association of PAI-1 With other prognostic vari 
ables. 

[0126] The association betWeen tumour PAI-1 level and 
other prognostic variables Was studied using the X2 test. As 
Table 2 illustrates there Was no signi?cant association 

betWeen PAI-1 and other prognostic factors, such as age, 
disease stage, sex, tumour siZe or number of involved lymph 
nodes. 

TABLE 2 

[0127] X2 test for association betWeen PAI-1 in tumour 
extracts and other variables in patients With bronchiogenic 
adenocarcinomas. 

Correlation With PAI-1 
Variable P-value 

Age 0.63 
Sex 0.16 
Stage 0.21 
Radicality 0.20 
Tumour size 0.59 
Lymph nodes 0.22 

[0128] Multivariate analysis. 

[0129] To compare the prognostic signi?cance of PAI-1 
level With that of other parameters, multivariate analysis Was 
performed for the 104 patients for Whom full data Were 
available (Table 3). Variables Were eliminated from the 
model singly in a backWards fashion and reincluded only if 
the P-value Was less than 0.05. This left PAI-1 and stage as 

the only tWo parameters. Using this analysis tumour PAI-1 
level Was found to be a statistically signi?cant independent 
variable of overall survival With a relative risk of 1.5 for loW 

versus medium and 2.3 for loW versus high (95 % con?dence 
interval 1.1-2.2 and 1.6-3.3, respectively). 
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TABLE 3 

[0130] Multivariate Cox regression analysis of 106 
patients With bronchiogenic adenocarcinoma 

Overall survival 
Variable Multivariate P-value Relative risk 

Stage >0.005 2.3 
PAI-1 
lOW vs. med. 0.05 1.5 (1.1-2.2) 
lOW vs. high 0.005 2.3 (1.6-3.3) 

[0131] Prognostic signi?cance of tumour PAX-1 Within 
patient sub-groups. 

[0132] Regarding patients With stage I disease overall 
survival Was compared for patients With levels beloW the 
median values and those With levels above. As shoWn in 
FIG. 3 there Was a signi?cant association betWeen PAI-1 
and overall survival (P=0.037). 

[0133] Discussion 

[0134] This retrospective study of 106 patients With bron 
chogenic adenocarcinoma, stage I to IIIb, indicates that high 
levels of PAI-1 in tumour extract supernatants are associated 
With short overall survival With statistical signi?cance. In a 
multivariate analysis including all patients and factors such 
as age and stage, tumour PAI-1 Was a signi?cantly indepen 
dent prognostic factor for overall survival. 

[0135] In patients With localized disease (stage I and II) 
the 5 year survival is 40% in the subgroup With stage I and 
10% in the subgroup With stage II (64). Determination of 
PAI-1 levels may be a useful prognostic marker to select 
radically resected patients With bronchogenic adenocarci 
noma and poor prognosis for adjuvant treatment. The 
present study Was limited to adenocarcinornas Within the 
group of Non Small Cell Lung Cancer (NSCLC) in a 
relatively small number of patients. Hence the prognostic 
value of PAI-1 should be further evaluated in larger mate 
rials and Within other subgroups of NSCLC. Also, the 
prognostic value of PAI-1 in other types of cancer might be 
evaluated in a similar manner (78). 

Example 2 

[0136] Predictive value of PAI-1 measurements in bron 
chiogenic adenocarcinornas. 

[0137] As shoWn in Example 1, a proportion of lung 
cancer patients have high levels of PAI-1 in their tumours 
Which predict a poor prognosis. Accordingly, patients With 
high PAI-1 levels Will be candidates for a treatment aiming 
at inhibiting the binding of PAI-1 to uPA. This example 
describes a predictive assay to identify patients Who poten 
tially Will bene?t from such a treatment. 

[0138] Material and Methods 

[0139] Patients 

[0140] Patients With bronchiogenic adenocarcinoma stage 
I or II referred for adjuvant therapy subsequent to radical 
resection of their lung tumours. 
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[0141] Tumour Extraction. 

[0142] Tumour tissue from the patients With bronchogenic 
adenocarcinoma is stored at —80° C. Tumour extracts are 
made by a procedure including pre-cooling the tissue in 
liquid nitrogen, mechanical pulverization, extraction With a 
buffer consisting 75 mM potassium acetate, 0.3 M NaCl, 0.1 
M L-arginine, 10 mM EDTA and 0.25%. Triton X-100 pH 
4.2, folloWed by centrifugation at 105.000 g for 1 hour. The 
supernatant and pellet are stored separately at —80° C. 

[0143] PAI-l ELISA. 

[0144] PAI-1 is determined using a sandWich ELISA (18) 
With monoclonal catching and detecting antibodies. As 
catching antibody is used PAI-1 monoclonal antibody clone 
1 and as detecting antibody is used PAI-1 monoclonal 
antibody clone 7 (WO 87/00549). This assay detects both 
latent and active PAI-1, and is in addition recognizing PAI-1 
bound to uPA and tPA (unpublished results, J. Grgzindahl 
Hansen). PAI-1 is measured in interim units by calibration 
With standard preparations obtained from The National 
Institute for Biological Standards and Control, Hertford 
shire, UK. The intra- and intervariations for both assays are 
beloW 11%. Protein content of the tumour extracts is deter 
mined by Bio-Rad Protein Assay (Biorad, Richmond, 
Calif.). 
[0145] Treatment. 

[0146] All patients entering this study Will receive the 
anti-protease inhibitor treatment. Clinical responses Will be 
recorded according to standard procedures (EORTC). 
Patients Will be post-strati?ed according to tumour PAI-1 
content (patients With PAI-1 levels above versus beloW the 
already established median value of 0.775 InterimU/mg 
protein (Example 1)) and number and duration of objective 
responses Will be compared betWeen the tWo groups of 
patients. 

Example 3 

[0147] In situ Hybridization for PAI-1 mRNA and Immu 
nostaining of PAI-1 Protein in Human Lung Cancer 

[0148] 
[0149] Cryostat sections from 24 samples of pulmonary 
carcinoma Were used for immunohistochemistry. These 
included 14 cases of squamous cell carcinoma, 5 cases of 
adenocarcinornas, 3 cases of mixed tumours (adenocarci 
noma and squamous cell carcinoma) and 3 cases of large cell 
undifferentiated carcinoma. Adjacent normal mucosal tissue 
resected at time of surgery Was obtained from 3 of the 
patients. Monoclonal anti-human PAI-1 antibodies (clones 1 
and 2) Were used for immunohistochemical stainings. An 
irrelevant monoclonal antibody (m-anti-TNP) Was used as a 
negative control. The tWo monoclonal antibodies have pre 
viously been shoWn to be directed against tWo different 
epitopes on PAI-1. 5 pm cryostat sections Were subjected to 
a conventional APAAP (Alkaline Phosphatase-Anti-Alka 
line Phosphatase) method as described previously (45). 

[0150] 
[0151] 10 of the above samples Were tested by in situ 
hybridization for the presence of PAI-1 mRNA by a method 
described in detail previously (42). In brief, 35-S labelled 
RNA probes, transcribed from a 504 base pair PstI-PstI 

Immunohistochemistry 

In situ Hybridization 
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fragment of human PAI-1 cDNA Were applied to deparaf 
?niZed, proteinase K-digested sections, hybridized over 
night at 48° C., then RNAse-treated and Washed in high 
stringency buffer before being overlaid With photographic 
emulsion. Slides Were developed after 10-14 days of expo 
sure. 

[0152] Results 

[0153] 
[0154] In all cases investigated an identical staining pat 
tern With the tWo antibodies Was found. Monoclonal anti 
TNP antibody consistently gave no staining. In all samples 
the presence of PAI-1 antigen throughout the stromal parts 
of cancerous tissue could be demonstrated. Individual ?bro 
blast-like stromal cells Were often strongly positive, but 
often the staining Was markedly diffuse and reticulate, 
folloWing the collagen ?brils. In 11 cases, all of Which Were 
of the squamous type, a number of tumour cells Were also 
positive for PAI-1. Three samples of adjacent normal 
mucosal tissue contained no PAI-1 immunoreactivity. 

[0155] FIG. 4 shoWs immunostaining for PAI-1 on a 
specimen of lung cancer tissue. Note the intense signal in the 
stromal compartment. 

[0156] 
[0157] Routinely processed paraf?n-embedded specimens 
from 10 of the 24 cases Were investigated by in situ 
hybridiZation for the presence of mRNA for PAI-1. In all of 
these specimens a pattern of gene expression for PAI-1 very 
similar to the patterns of immunostaining Was observed. 

Immunohistochemistry 

In Situ Hybridization. 

Example 4 

[0158] Screening scheme 

[0159] The folloWing examples describes an example of a 
compound screening scheme comprising various successive 
steps Which is established to identify compounds Which can 
be used to inhibit the interaction betWeen PAI-1 and uPA and 
thereby be used as drugs to inhibit the invasive and meta 
static process. 

[0160] The initial screening of the compounds is per 
formed eg by use of the beloW described compound 
screening ELISA and if the compound shoW inhibitory 
effect, the further screening of compounds is performed 
using the next steps in the scheme (Examples 5 and 6). 

[0161] Compound screening ELISA for use in the screen 
ing of compounds capable of inhibiting PAI-1/uPA interac 
tion 

[0162] A tWo antibody sandWich ELISA assay is devel 
oped for screening compounds for their capability to inhibit 
the interaction betWeen PAI-1 and uPA in solution. The 
effect of the compound to be screened to inhibit the inter 
action can be tested at various concentration. In the present 
case, the compound X is tested and the effect of X on the 
interaction is examined. As an example, X is PAI-l mono 
clonal antibody Which inhibits PAI-1 inhibition of uPA (WO 
87/00549). 
[0163] Materials 

[0164] 1) 96-well plates (?at-bottom high binding 
capacity, NUNC). 
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[0165] 2) Unlabelled puri?ed PAI-1 monoclonal anti 
body e.g. clone 1 (WO 87/00549). 

[0166] 3) Puri?ed anti-uPA clone 5 (66) labelled With 
biotin. 

[0167] 4) Horseradish peroxidase-conjugated (HRP) 
avidin. 

[0168] 
[0169] 
[0170] 
[0171] 

5) Af?nity puri?ed PAI-1 (SDS-activated). 

6) recombinant uPA (activated). 

7) Compound X 

8) PBS buffer, pH 7.4 (PBS) 

[0172] 9) PBS +01% TWeen 20, pH 7.4 (PBS/Tween) 

[0173] 10) Blocking buffer: 1% skimmed milk poWder 
(SMP) in PBS 

[0174] 11) Citrate buffer: 0.1 M citrate, pH 5.0. 

[0175] 12) Substrate solution: 1,2-Phenylenediamine 
dihydrochloride (OPD) tablets in citrate buffer, eg 3 
OPD tablets in 15 ml of citrate. 

[0176] 13) Stop buffer: 1M H2SO4. 

[0177] Procedure 

[0178] 1) Coat the Wells With 100 pl of PAI-1 antibody 
(20 pig/ml) diluted in 0.1 M Na2CO3. 

[0179] 2) Incubate overnight at 4° C. 

[0180] 3. Wash the Wells 5>< in PBS/TWeen. 

[0181] 4) Block the remaining active sites in the Wells 
With 1% SMP/PBS, 200 pal/Well, for at least 1 hour at 
RT. Gentle shaking. 

[0182] 5) Wash as in step 3). 

[0183] 6) Add 100 pl of PAI-1 (20 ng/ml). 

[0184] 7) Incubate With gentle shaking for 1 hour at RT. 

[0185] 8) Wash as in step 3). 

[0186] 9) Add a mixture of 50 pl of uPA (10 ng/ml) and 
50 pl of blocking buffer or a mixture of 50 pl of uPA(10 
ng/ml) and 50 pl of serial dilution of X. 

[0187] 10) Incubate as in step 7). 

[0188] 11) Wash as in step 3). 

[0189] 12) Add 100 pl of biotinylated anti-uPA clone 5 
(2 pig/H11) 

[0190] 13) Incubate as in step 7). 

[0191] 14) Wash as in step 3). 

[0192] 15) Add 100 pl of HRP-avidin diluted 1:5000 in 
SMP/PBS/TWeen. 

[0193] 
[0194] 
[0195] 

16) Incubate as in step 7). 

17) Wash as in step 3). 

18) Wash 1X in distilled Water. 

[0196] 19) Add 100 pal/Well of substrate solution. 

[0197] 20) Stop the reaction With 100 pal/Well of 1M 
H2SO4, When bright yelloW colour appears. 






















